Introduction
Issues related to analysing the cost and reimbursement of any activities performed, especially within hospital organizations, has lately piqued the interest of academics and practitioners. One possible reason for this is that medical establishments in various countries face the same challenges of limited resources, increasing costs and heightened demands for services. For instance, Chernew [15] states that, for the majority of the post-WWII period, healthcare costs with adjustment for infl ation rose at a much faster rate than GDP. Increased demands on the quality and extent of healthcare go hand-in-hand with reduced spending on healthcare systems, primarily caused by the fi nite resources of the public purse. Under such conditions, hospital organizations are pressurised to effectively manage their activities and outputs on restricted budgets [9] . A similar experience can be observed in developing economies with relatively low health insurance coverage [1] .
Insuffi cient resources at hospitals frequently result in alternative treatments being initiated, with a view towards reducing costs. Even surgery could be affected in the future. Šoltés and Gavurová [26] presented an exhaustive study on how one-day surgery impacts the cost and reimbursement of a hospital under conditions of a specifi c healthcare system. They highlighted the greater effi ciency of oneday surgery over the more traditional form of treatment.
Many papers relating to the cost of hospital operations highlight the importance of measuring the profi tability, cost and revenue sources of individual decentralized units, such as individual diagnoses and patients. The ability to accurately gauge the profi tability of given diagnoses of patients, which ultimately contribute to overall organizational profi tability, is highly dependent on the accuracy of the costing method applied. For instance, Šimrová et al. [25] released a comparative study on the cost and reimbursement of lung-cancer treatment among selected healthcare providers. Cost analysis of individual patients was seen to be highly specifi c for the relevant hospital departments. The same study detailed the cost of administering incredibly complex lung-cancer treatment, including the numerous subsequent algorithms for said treatment. It also evidenced that the costs of such treatment are often based on different forms of cost estimation, such as social cost and absenteeism [23] .
Considering that reimbursements -the main source of revenue for a healthcare establishment -depend mostly on the health policy in place and are the focus of negotiation between the parties involved, e.g. insurance companies, hospitals and state bodies, it is surprising that accurately estimating the cost of a patient or diagnosis is very often overlooked in practice. Many scholars have highlighted the increasing importance of costing methods (cost calculations) within hospital organizations. Cost calculation is fundamental to the process of allocating the cost derived from accounting evidence to organizational cost objects, such as types of diagnoses or patients. By the mid-1990s, some scholars were pointing out the increasing need for a method that would obtain an accurate cost per patient, thereby permitting the identifi cation of actual utilization of resources by individual patients treated with different clinical specialities [9] .They also noted that high quality data related to the cost of a patient could facilitate effective decision-making by hospital management. The importance of adopting an appropriate costing method within medical establishments has also been highlighted by other scientifi c studies [16] .
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The challenge of selecting an applicable costing method for a healthcare organization has been a popular topic these past two decades. The budgets of hospitals chiefl y rely on public funding, and the onus for such organizations has been on providing an acceptable level of care within a defi ned budget, rather than generating profi t. Indeed, accurately estimating the costs of the services provided has not been the primary objective of hospital managers. Thorley and Johns [27] state that while there are different levels of cost system design, it seems remarkable that the number of hospitals collecting costs on a more detailed basis remains limited. Relative to other industries, the health care sector still lags behind.
Hospitals in various countries are often legally required, for refunding purposes, to have a predefi ned cost allocation scheme [10] , [19] . This marks them out from other sectors where such a legal obligation does not exist. Cardinaels et al. [5] report that the legal system usually takes the form of step-down allocation of costs from service departments (e.g. laundry facilities, administration, cafeteria, etc.) to revenue generating departments such as acute care, surgery, and laboratories. Sometimes costs are further allocated down to the patient level.
The literature refers to various methods suitable for estimating the cost of patient-related services provided by hospitals. These include the use of average costs obtained from dividing total annual expenditure by patient throughput [3] , the use of severity of illness and workload scoring systems [26] and billing systems [12] . Carvalho Jericó and Castilho [6] stated that most hospitals employing cost management systems utilized the absorption method. The benefi ts associated with absorption costing are broad applicability and ease of use. However, it has often been criticized for inaccuracy. Cao et al. [4] lent weight to this with the statement that the VBC (volume-based costing) method has advantages regarding simplicity, but it tends to give approximate and inaccurate results.
Another problem related to the use of various costing methods in hospital management has been investigated by Riewpaiboon et al. [22] . They commented that different methods resulted in differing calculation outcomes. The issue is that effi ciency ends up being compared, as it is unknown what the real effect of different costing methods on variance is.
Gujral et al. [13] wrote that traditional cost accounting methods did not accurately refl ect the contribution of indirect costs to individual services. Indeed, they pool all indirect costs and allocate them to the given services in proportion to service volume or direct costs. This approach tends to overestimate the unit cost of high volume services and underestimate the cost of low volume ones. When indirect costs are high, as is often the case in healthcare, the cost of services may be seriously misrepresented.
Due to wide-ranging criticism of absorption costing methods and other traditional costing techniques, many authors extol the virtues of modern sophisticated costing procedures. For instance, Cardinaels et al. [5] state that more progressive costing systems such as Activity-Based Costing (ABC) may facilitate a move towards making cost effi ciencies. Study presented by Tucek [28] supports that opinion in connection with the implementation of Business Process Management.
ABC, widely recognized since the 1990s, increases the accuracy of cost allocation and the ability to measure the output of organizational activities. The most important difference between traditional costing and ABC is that overhead costs are not allocated using a surrogate allocation base, which often leads to arbitrary allocation [8] .
Processes for implementing ABC in healthcare organizations have been developed by many researchers over the years [6] , [13] , [17] , [29] . The approaches taken are relatively diverse, usually restricted to limited application of the method in a medical department. Generally, ABC requires two stages: a. costs are allocated to activities; b. said activities are allocated to a product or service [2] . In other words, if it is possible to measure the cost of activities and estimate the consumption of such activity outputs by an individual cost object, then allocating the true cost accurately via the actual causal factors is facilitated.
One of the earliest studies to consider applying ABC in a hospital was published by Helmi and Tanju [14] . The study calculated the costs of a nursing station for three different types of patient. Later, Ramsey proposed the notion that ABC is not only an accounting system, but also a strategic management tool [21] . As mentioned earlier, many scholars have considered procedures for implementing ABC in healthcare organizations [6] , [13] , [17] , [29] . The earliest of these examined an establishmentwide application of ABC in a hospital, even though it honed in on inpatient services [29] . The author stated that outpatient care usually involved a greater number of units of service with a relatively small unit cost, but ABC could still be applied to a few high-volume and highcost yet low-profi t outpatient services.
Evidence suggests that ABC provides more detailed cost information on the activities of a hospital, which could typically result in better cost management and in some cases lead to reducing costs. Carvalho and Jeríco support the use of ABC in hospitals, arguing that information generated by ABC signifi cantly contributes to hospital management through engendering planning and managerial control [6] . Cardinaels et al. declare that systems such as ABC may assist endeavours to initiate an effi ciency drive. It provides more detailed cost information on the activities of a hospital, which would typically result in greater cost reduction and superior cost management [5] .
It is questionable why the method has not been commonly adopted by hospitals worldwide when the benefi ts of the ABC are so widely accepted by experts. Despite the advantages of ABC application, its utilization by healthcare organizations has been rare [13] .
Nevertheless, initiating ABC in such a establishment is hampered by several serious limitations, such as the high complexity of the system, which makes it diffi cult to actually utilize, creating extreme demands for nonfi nancial information [26] . Therefore, the need for some degree of caution exists in advocating the use of ABC in hospitals. Lievens et al. [18] , for example, argue that a potential drawback of ABC systems lies in the consumption of time and resources associated with developing and managing the implementation process. Everaert et al. [11] claim that many managers who have tried to implement ABC in their organizations, including healthcare executives, have abandoned the attempt in the face of rising costs and irritation on the part of employees.
Such shortcomings, which have also been noticeable in non-healthcare organizations, are usually solved by simplifying the standard ABC system. This has given rise to methods such as Time-Driven ABC [24] , which restricts the use of cost drivers to time drivers or Simplifi ed ABC [4] , based on major simplifi cation of the system. The TD-ABC method could be applied in different kinds of organizations for costing purposes. It is useful for example in distribution and logistics organizations, hospitals and healthcare organizations etc. Various studies showed that TD-ABC can solve the aforementioned problems associated with the traditional ABC method. [7] Another problem related to ABC instigation in healthcare, which is obvious from the diverse approaches documented in the literature, is defi ning a suitable cost object. For instance, the key cost object outlined by Udpa [29] , which is used for cost allocation, is the DRG (diagnosisrelated group). The problem is that, in some situations, applying DRGs as the cost object could result in distortion when they are broadly based and include case types that are nonhomogenous. Vogl [30] states that the most controversial and demanding stage of cost calculation at a healthcare establishment is cost apportioning at the patient level. Estimating the patient cost is crucial for reimbursement purposes. Lin et al. [17] used the individual patient as the cost object, but this again increases the complexity of the system.
The objective of the study herein was to compare the cost of selected types of diagnoses with the reimbursement subsequently received. For cost calculation purposes the authors used the Activity-Based Costing method, in order to bring about different, more accurate cost allocation than permitted by the traditional costing method used at the hospital. The methodology calculated the cost of individual patients, hence analysis also focused on cost variability within the diagnosis-related group. The study is further proof that major differences exist between the calculated cost and eventual reimbursements, a potential cause of which could be lack of knowledge on the cost of the treatments administered.
Methods
As previously mentioned, the objective herein was to analyse the cost and reimbursement of selected patients and DRG categories in certain hospital departments, in order to discern any possible managerial implications of the given analysis and discuss the consequences of variance between the calculated costs and eventual reimbursements. The authors used the ABC method, so as to calculate the costs of individual patients and DRGs through performing cause-and-effect overhead cost allocation, as explained in the introductory part of the study. The research was carried out in three departments at a Czech regional hospital owned by regional municipality, which is typical representative of the regional hospitals. Cost and reimbursement analysis was conducted at an Ear, Nose & Throat (ENT) department [20] , as well as Dermatology and Neonatology departments using data from the fi scal year 2012. The process for selecting the departments and diagnoses for analysis occurred in conjunction with the management team at the hospital, in order to analyse what were considered standard departments of average size, which also maintained a structure of activities and high volume of various treatments. The authors tried to avoid highly complex therapies and diagnoses, and conversely departments and diagnoses carrying out very simple procedures. The general characteristics of the departments are shown in Table 1 .
Prior to commencing the standard ABC application, it was necessary to gather all necessary
e.g. statistics for the following: treatments given, cases of hospitalization, bed-days, procedures, admitted and discharged patients, etc.
After the obtaining the necessary data, all typical phases of Activity-Based Costing were conducted, which includes:   Defi ning the structure of activities, taking into consideration simplicity of the system and consequent limited number of activities.   Allocating the cost registered in the accounting system and other additional evidence to defi ned activities, using varied forms of resource cost drivers.   Calculating the activity rates for the given activities, using defi ned cost drivers and activity output measures.   Calculating costs of selected patients within specifi c DRG groups.   Comparing DRG/patient cost and the reimbursement received from the health insurance company.
The cost calculation pertaining to the ABC approach was performed in fi ve consequential stages, as discussed below.
First stage -defi ning activities
The initial stage of cost calculation involved defi ning activities that refl ect signifi cant cost pools in the given hospital department. The authors determined a limited number of activities, as the entire ABC system becomes complicated and unclear if numerous activities Number of activities -primary 11 11 11 Number of activities -support 5 5 5
Source: own
Tab. 1: General characteristics of analysed departments
are identifi ed for a department. Therefore, the authors ascertained a standardized structure of activities for each department in order to facilitate the implementation process and permit future comparison of the departments. A general description of these appears in Table 2 . After the primary activities had been defi ned, it was necessary to discern and describe secondary activities. These took the form of hospital service departments, e.g. X-ray, microbiology or blood transfusion, as these provided services to other primary care departments.
Next, infrastructural activities were ascertained, covering all activities related to administration and infrastructure of the hospital organization. These included: management and administration, management of human resources, information systems and technology and facility management. The costs related to these activities were allocated to the cost object (patients) defi ned by applying different allocation mechanisms. Here, primary activities were assigned directly to the patients. The costs of secondary activities were consumed by the patient in the primary department that instigated such consumption. In order
Activity code
Name of activity Description of activity Source: own Note: X i . -total of cost element i K ij -key to the division of i-th cost element and j-th activity in % Tab. 3: Calculation of the total cost of an activity using the activity cost matrix to accurately determine the volume of these costs consumed by individual patients, it was necessary to determine the demands of primary departments on the outputs from the relevant secondary departments. This means that it was fi rstly necessary to allocate the costs of the secondary activities to the primary departments and then to the patients. Finally, the costs of the infrastructural activities were allocated to all the primary and secondary activities.
Second stage -assigning costs to activities
Once the major activities had been identifi ed, overhead costs were allocated to these defi ned activities. After performing this step of ABC application, it was possible to determine the total costs of activities. Allocation was made through the resource-cost drivers discerned.
Costs were allocated to activities via several resource-cost drivers (RCD), such as the labour consumption of physicians based on activities, and the square metres of fl oor space given over to activities, etc. All costs were assigned to activities using the "activity cost matrix", which displays links between indirect costs and activities.
Third stage -identifying cost drivers and their output measures
This phase required defi ning cost drivers for each activity. Three different types were used, all of which were simply acquirable from the hospital information system. These cost drivers are mostly non-fi nancial in form and represent the activity performance level. Following this, it was necessary to ascertain the output measures of individual activities, i.e. the number of activity units consumed.
Most of the non-fi nancial data could be obtained from medical registers, such as the following reference values:   Number of tests.   Number of treatments given.   Number of patients admitted.   Number of patients discharged.   Number of patient days.   Number of hospitalized patients.   Number of operations.   Number of hours.
Fourth stage -determining the unit cost of an activity
After completing the above stages, it was possible, on the basis of this information, to calculate the unit costs of activities -activity rates. These could be calculated by simple division of the total activity cost by the activity output measure determined. Activity rates can be worked out by the single formula:
Activity rate = total activity cost / activity output measure (1) Table 4 displays the activity rates calculated for the neonatology department of the selected hospital.
Fifth stage -calculating the cost of a patient
This step included calculating the costs of a selected cost object, i.e. a patient. In order to assign the cost to a defi ned cost object, it was necessary to identify the volumes of individual activity outputs consumed by a specifi c patient. All necessary data regarding the consumption of activities by individual patients are normally obtainable from the information system of the hospital. Data on the volume of output of activities usually makes up part of the medical reports -the length of hospital stay, number of examinations, etc.
The cost of a patient was calculated as the sum of the direct cost consumed by the patient (usually consisting of material and medicine directly allotted to the specifi c patient) and the activity cost, calculated as the sum of individual activity rates multiplied by the activity units consumed by the given patient. The following formula illustrates how the total cost of a patient could be calculated:
Vector of activity rates, AV kj Volume of activity j consumed by patient k. If patient k does not consume activity j, then AV kj equals 0.
In order to perform the fi nal cost analysis, the calculated cost of a patient was compared with patient revenue streams, ascertained as being the reimbursement received for the patient from a health insurance scheme. Due to the high number of differing DRGs and individual patients, the authors fi rstly chose a sample of diagnoses at each department analysed, and then calculated the cost of a selected sample of patients within these given diagnoses. The costs of individual patients were compared with the reimbursements received from health insurance schemes. Afterwards, the average costs and reimbursements for selected diagnoses were calculated.
Results
After performing the stages outlined above, all fi nal data were summarized in Table 5 . As explained in the methodology part of the paper, three different departments at the hospital were selected for analysis (ENT, Dermatology and Neonatology). Within each of these, the authors chose the most relevant DRGs. For example, three DRGs were determined as suitable from the ENT department, with tonsil surgery and partial deafness being sub-divided into acute and non-acute treatment, meaning a total of 5 DRGs for analysis. Three DRGs were also settled on from the Dermatology department, all of them classifi ed under inpatient and outpatient treatment. The Neonatology department does not function with numerous DRGs, but individual patients (newborns) are appraised independently.
For the purposes of analysis, individual patients were placed under two major categories, with 13 different patient categories (DRGs) being analysed in total. For each form of DRG, the authors selected a sample of 10-30 patients, the cost of whom was separately calculated using the designated ABC system. Table 5 displays the following data: average cost per patient sample; the highest and lowest patient cost; and standard deviation, which highlights cost variability between the given patients. The data also includes fi gures for average reimbursement per patient, the balance of average cost and reimbursement and cost coverage.
Discussion
The study presents a comparison of average cost calculated by the Activity-Based Costing method with average reimbursements received, and also analyses the cost variability between 
Tab. 4: Examples of activity rates (dept.: neonatology)
individual patients within selected diagnoses.
Research was carried out in three particular departments, which also took into account their most frequent diagnoses. Calculating the treatment costs of individual patients depends on the given treatment procedure and volumes of consumed activities, which could give rise to signifi cant differences between the costs of individual patients. These could be much more accurately captured by the process oriented Activity-Based Costing method, as used in the study. The method applied also resulted in different cost allocation, leading to differences in the calculated costs of patients.
As can be seen in Table 5 , the average cost and reimbursement of the analysed DRGs varied widely. The lowest coverage of cost pertains to acute tonsil surgery in the ENT department, where reimbursement covers just 51% of the calculated cost. However, reimbursement for a preterm newborn of low obstetric weight exceeds actual cost by almost 2.5 times. These differences hint at limited perception of cost-related information in the process of negotiating reimbursements. Other crucial data relates to variability in the cost of individual patients within the DRG groups. Under such conditions, the varying structure of patients in the sample could signifi cantly infl uence the average cost calculated.
The study revealed several things of note. For instance, comparing inpatient and outpatient treatment in the Dermatology department shows suffi cient reimbursement is received for outpatient treatment but it is insuffi cient for inpatient treatment. Another interesting aspect is the overpayment for treating preterm newborns in Neonatology.
Studying the differences between the calculated cost and reimbursement allows one to arrive at several conclusions. Firstly, it is obvious that there is major discrepancy between the reimbursement policy and the cost of distinct treatments. Under such circumstances, a specifi c mix of patients could negatively affect the economy of the healthcare provider. Ideally, reimbursements should precisely refl ect the cost of treatment. Source: own
Tab. 5: Profi tability analysis of the selected DRGs
One aspect potentially hindering this is the costing method used. As the Activity-Based Costing approach has been suffi ciently tested over the past two decades, prevailing opinion is that it generates superior cost information, compared to traditional volume-based costing methods. However, actual utilization of the method remains very low. Many studies have discussed the hurdles inherent to the ABC adoption process, and come up with various solutions to them, such as applying a simplifi ed TD-ABC method. Secondly, cost and revenue analysis in business often leads to increased focus being placed on products, customers and segments with a high profi tability rate. That means that a traditional company, which is able to accurately analyse the profi tability of its various business units, concentrates on developing those which are profi table, restricting somehow any unprofi table ones. However, managing a healthcare organization is very different, not only due to the diversity of the establishment, but also as profi tability analysis cannot inform similar managerial business-orientated decisions. Ethical principles are at stake and must be respected. Quite simply, it is impossible to manage a customer (patient) portfolio as all patients are equal in the eyes of the law. Consequently, such establishments are faced with very few options on performing any kind of price negotiation. Often the reimbursement stream from the health insurance system adheres to a fi xed, infl exible arrangement, not permitting any negotiation.
Despite such signifi cant limitations in utilizing cost and reimbursement analysis, healthcare organizations could still reap some benefi ts. The analysis performed and precise data on the costs of patients and DRGs could bring about better understanding of any connections between organizational costs and performed outputs. Hospital managers and physicians would be more able to evaluate the costs of the patients and DRGs analysed. Therefore, it would be possible to make better informed decisions at a managerial level on the forms of treatment offered, the structure of investigation into any issues, and other matters which might be optional. Furthermore, analysing the costs of activities might result in boosting the performance of the same, or furthering utilization of current assets and equipment.
Conclusion
The research performed herein illustrates how Activity-Based Costing could be used to conduct detailed cost and reimbursement analysis of selected patients and DRGs in hospital organizations. The study showed that ABC could refl ect the differences in the treatment process which bring about the variations in cost of distinct patients within the same DRG. The most important benefi t of an advanced costing method such as ABC is the ability to calculate more accurately the cost of an individual patient. The method is able to highlight differences between the costs of individual patients under the same diagnosis and their differing demands on hospital activities. Traditional costing systems mostly determine average costs, hence data not applicable for analysing any variance between individual patients. If information is lacking on such cost differences, it is not possible to analyse the causes of those differences. Calculating the cost of an individual patient using the ABC approach may also result in "profi tability" analysis or verifying the coverage of costs of patients or the diagnosis types presented in the study. Comparing the calculated cost and revenue (reimbursement) for an individual patient enables the user to discern any types of patient with a diagnosis that could fi nancially benefi t the hospital, as well as those for which the necessary expenditure would not be covered. As can be seen, many diagnoses pertain to a low volume of reimbursement, which has a crucial impact on the profi tability of a healthcare organization. Identifying the DRGs of patient types of low profi t could lead to appropriate managerial decisions being made. 
